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@ Delay demodulator for burst-mode PSK-slgnals. 

@ The present inventk>n offers a delay detectbn 
circuit of which error rate is very low as well as 
enabling high-speed, stable and accurate phase 
compensatk)n. 

This delay detectran circuit receives a digi- 
tal-phase-modulated signal including an 
already-known preset symbol string and an un- 
known data symt>ol string following the 
already-known string, and detects a phase dif- 
ference between an instantaneous phase of an 
receptk)n signal and an instantaneous phase 
after a preset symbol time from the time of the 
receptk>n signal received using a phase differ- 
ence detector. 

Then, the delay detection circuit comprtees to 
calculate a compensation phase difference 
necessary to denniodulate the receptbn signal 
from the phase difference, the phase difference 
of demodulation symbol estimated from the 
already-known symbol string and the phase 
difference of denrK>dulatk3n symbol estimated 
from the data symbol string, and denK>dulate 
the reception signal based on the compens- 
ation phase diffierence. 



CO 

<o 

CO 

o 

CD 



LL 




Jouve, 18, rue Saint-Denis. 75001 PARIS 



1 



EP 0 606 163 A2 



2 



The present invention relates to a delay detection 
circuit using PSK (Phase Shift Keying) and FSK (Fre- 
quency Shift Keying). 

Conventionally, as a carrier regenerative system 
using a narrow-band filter, for example, a system that 
detects a phase difference from a denrKxJulation out- 
put by synchronous detection, controls a phase of a 
regenerative carrier based on the phase difference, 
and compensates the phase difference of the regen- 
erative carrier caused by a frequency deviation is 
known as shown in Japanese Patent Laid-Open 
No.61-11 7957(1 986). 

However, this system has a disadvantage in the 
field where its receiver must t>e miniaturized by inte- 
gration, especially in the field of mobWe communica- 
tions, because the system needs a phase sifter. 

On the other hand, comparing this synchronous 
detection system, a latest delay detection system that 
denDodulates a digital- phase-modulated carrier is 
considered to be fit to use for nrwbile communications 
because tnjrst frame efficiency and error rate char- 
acteristic under Rayleigh fading (where probability 
distribution of a received power is approximated to a 
Rayleigh distribution when many multiple waves are 
interfered each other at random) thereof are better 
than that 

The delay detection system, however, has a de- 
fectthat its deterioration of error rate tends to be nrK>re 
noticeable if a frequency shift occurs as a result of 
transmission frequency drift, eta The reason for this 
phenomenon is that a receiver detects the frequency 
shift as a phase rotation of normal reception phase 
difference. 

For solving this problem, a delay detection circuit 
to compensate the frequency shift is proposed. The 
delay detection circuit shown in Fig.3, for example, 
detects, in a modulator 31 , an ideal phase difference 
303 of a demodulation symbol 302 estimated in a de- 
nrKKlulator 30. Then, it estimates a phase compensa- 
tion quantity 304 by calculating a moving average of 
a difference between a reception phase difference 
301 and the ideal phase difference 303 using a phase 
compensation quantity estimator 32, obtains a com- 
pensation phase difference 305 by compensating a 
frequency offset of a frequency shift based on the 
phase compensation quantity 304 using an adder 33, 
feedbacks this compensatbn phase difference 305 
to the demodulator 30. 

However, such a delay detection circuit has some 
problems, such as a receptbn signal performed by 
frequency offset is apt to be regarded as a noise and 
an instantaneous frequency offset quantity is misde- 
tected because a reception symbol is not detected 
correctly if a phase rotation by frequency oflset goes 
over 45"". As a result, constant and correct compen- 
sation of reception signal can not be perfornrted. 

To solve these problems, a delay detection circuit 
to compensate frequency offset is also proposed. 



This delay detect ton circuit, shown in Fig.4 as an ex- 
ample, detects a specific pattern from denDodulation 
symbols 401 using a detector 40, sinujitaneously out- 
puts an ideal phase difference 402 of the specific 

5 pattern. BeskJes this, it estinnates a phase compen- 
satk)n quantity 404 in a phase compensatbn quanti- 
ty estimator 41 by averaging differences of the ideal 
phase difference 402 and a reception phase differ- 
ence 403 delayed in a specific number of patterns In 

10 a delay circuit 42, compensates a frequency offset to 
obtain a compensation phase difference 405 in an ad- 
der 43 based on the phase compensation quantity 
404. feedbacks the compensation phase difference 
405 to a demodulator 44. 

15 Generally, when a receiver asynchronously re- 
ceives a burst signal, an already-known symbol such 
as a preamble is sent in a specific pattern for a rela- 
tively long time interval earlier than a data signal that 
is semantic as information. On the other hand, if it be- 

20 comes synchronous status, the transmission time in- 
terval becomes relatively short for increasing burst 
frame efficiency. 

Additbnally, when a burst signal is received us- 
ing the delay detection circuit shown in Fig.4, there is 

25 a defect that a frequency offset can not be compen- 
sated if the already-known specific pattern can not 
be recognized. For example, if it is needed to asyn- 
chronously receive a burst signal in a conditk>n that 
error rate is high, the error rate nr^y be deteriorated 

30 further by frequency offset. In such a case, compen- 
satbn nnay need longer time, since the initial specif b 
pattern is difficult to be detected. 

Also, if the transmissbn time of the specific pat- 
tern even in a synchronous status, this delay detec- 

35 tion circuit may not detect a correct compensatbn 
quantity because it can not fully average an instanta- 
neous phase compensation quantity to be detected. 
This means that a conventbnal delay detection cir- 
cuit can not rapidly and fully perform phase compen- 

40 satbn. More, there is a problem thatthe reception er- 
ror rate of this delay detection circuit can not be im- 
proved fully when frequency offset is performed. 

The present inventbn is concerned with these 
problenr^s and the technical task thereof is to offer a 

45 delay detection circuit of which error rate is low and 
enabling to rapidly, stably and correctly perform 
phase compensation. 

An arrangement to be described below includes 
a delay detection circuit that receives a receptbn sig- 

50 nal string comprising a first receptbn signal resultant 
from digital-phase-PDodulatbn of an already-known 
preset symbol string and a second reception signal 
resultant from digital-phase-nDodulatbn of an un- 
known data symbol string following said already- 

55 known symbol string, performs delay-detection using 
said reception signal string; comprising: 

a reception phase difference detector means 
for detecting a receptbn phase difference between a 
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first instantaneous phase of a reception signal in said 
reception signal string and a second instantaneous 
phase of another reception signal after a preset synv 
bol tin^ from said reception signal; 

a compensation phase difference calculator 
means for calculating a compensation phase differ- 
ence necessary to demodulate said reception signal 
string using said reception phase difference, a first 
phase difference equivalent to an already-known 
symbol in said already-known symbol string and a 
second phase difference equivalent to an unknown 
data symbol in said unknown data symbol string; and 

a demodulation means for denrtodulating said 
receptbn signal string based on said compensation 
phase difference. 

More, it is desirable that said phase difference 
detector means comprises: 

a first instantaneous phase detector means for 
detecting said first instantaneous phase; 

a second instantaneous phase detector means 
for detecting sakJ second instantaneous phase; and 

a reception phase difference calculator means 
for calculating sakJ reception phase difference be- 
tween said first instantaneous phase and said sec- 
ond instantaneous. 

More, it is desirable that sakj preset time is one 
symt>ol time. 

More, said compensatk>n phase difference cal- 
culator means comprises: 

a first compensation phase difference calcula- 
tor means for calculating a first compensation phase 
quantity using sakJ first phase difference and a first 
receptbn phase difference obtained at receiving said 
first recept ton signal string that Is a part of saki recep- 
tion phase difference and calculating a first compen- 
sation phase difference using sakl first compensa- 
tion phase quantity; and 

a second compensatton phase difference cal- 
culator means for calculating a second compensation 
phase quantity using sakJ first compensation phase 
quantity, said second phase difference and a second 
receptbn phase difference obtained at receiving said 
second reception signal string that is a part of saki re- 
ceptbn phase difference and calculating a second 
compensation phase difference using said second 
compensation phase quantity. 

More, it is desirable that sad first compensation 
phase difference calculator means comprises: 

afirst compensation phase quantity calculator 
means for calculating said first compensation phase 
quantity from said first phase difference and said 
first receptbn phase difference; and 

a first adder means for adding said first recep- 
tion phase difference and saki first compensation 
phase quantity, and outputting a first compensation 
phase difference. 

In a particular arrangement described below the 
first compensation phase quantity calculator nr^eans 



calculates a first compensation phase quantity by 
calculating afirstdifference between said first recep- 
tion phase difference and sab first phase difference, 
accumulating said first difference in a preset times 

5 and calculating an average thereof. 

More, it is desirable that said second compensa- 
tion phase difference calculator means comprises: 

a second compensation phase quantity calcu- 
lator means for calculating a second compensation 

10 phase quantity from said first compensation phase 
quantity, said second reception phase difference and 
sab second phase difference; and 

a second adder means for adding said second 
receptbn phase difference and said second com pen- 

15 satbn phase quantity, and outputting a second com- 
pensation phase difference. 

More, it is desirable that said second compensa- 
tion phase quantity calculator means comprises to 
calculate a second compensatton phase quantity by 

20 calculating a sum of said first compensation phase 
quantity and said second reception phase difference, 
calculating a second difference between sab second 
phase difference and said sum, accumulating sab 
second difference in a preset times and calculating 

25 an average thereof. 

More, it is desirable that said denrxxlulatton 
means comprtees, when receiving sab first receptton 
signal string, to detect a phase difference nearest to 
sab first compensation phase difference an[K)ng 

30 phase differences representing respective already- 
known symbols in said already-known symbol string, 
and perform digital-phase-denKbulation using this 
detected phase difference. 

More, it is desirable that the delay detectbn com- 

35 prises a converter means for converting a symbol ob- 
teined bydenrK>dulatbntoa phase difference thereof. 

Further, there will be described a delay detection 
circuit that receives a digital-phase-modulated recep- 
tion signal, performs delay-detectbn and outputs the 

40 demodulatbn result, comprising: 

a phase difference detector means for detect- 
ing a phase difference between an instantaneous 
phase of sab reception signal and an instantaneous 
phase after a preset symbol time from sab instanta- 

45 neous phase of sab receptbn signal; 

a plurality of dummy phase compensatton 
quantity generator means, each dummy phase conv 
pensation quantity generator means for generating a 
dummy phase compensatton quantity; 

50 a plurality of dummy phase error calculator 

means, each dummy phase difference calculator 
means for adding said dummy phase compensatton 
quantity and said phase difference and calculating a 
dummy phase difference; 

55 a plurality of dummy demodulation symbol de- 

modulation nteans, each dummy demodulatton synrv- 
bol denfKxlulation means for demodulating a dummy 
denrK>dulatton symbol based on sab dummy phase 
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difference; 

a plurality of convertor means, each converter 
means for converting said dummy demodulation 
symbol to an ideal phase difference of this dummy de- 
modulatbn symbol; 

a plurality of phase difference error calculator 
means, each phase difference error calculator means 
for calculating a phase difference error between said 
dummy phase difference and said ideal phase differ- 
ence of said dummy demodulation symbol; and 

a decision means for detecting a smallest dif- 
ference from said differences, selecting a dummy de- 
PfKKjulation symbol corresponding to this smallest 
difference from said dummy demodulation symbols, 
and outputting this dummy demodulation symbol as 
a denrK>dulation symbol. 

More, it is desirable that said phase difference 
detector means comprises: 

a first Instantaneous phase detector means for 
detecting said first instentaneous phase; 

a second instentaneous phase detector means 
for detecting said second instenteneous phase; and 

a reception phase difference calculator means 
for calculating said reception phase difference be- 
tween said first instenteneous phase and said sec- 
ond instenteneous. 

More, it is desirable that said preset time is one 
symbol time. 

More, it is desirable that said phase difference 
error calculator means comprises to accumulate said 
calculated phase difference in a preset times, calcu- 
late of an average of these accumulated phase differ- 
ences and output a result of this calculation as a real 
phase difference. 

Further more, it is desirable that the delay detec- 
tion circuit that receives a reception signal string 
comprising a first reception signal resultentfrom dig- 
itel-phase-nrK)dulation of an already-known preset 
symbol string and a second reception signal resultent 
from digital-phase-nrK>dulation of an unknown date 
symbol string following said already-known symbol 
string, performs delay-detection using said reception 
signal string; wherein said demodulation means conv 
prises, when receiving said first receptk>n signal 
string, to detect a phase difference nearest to said 
first compensation phase difference anK>ng phase 
differences representing respective already-known 
symbols in said already-known symbol string, and 
perform digital-phase-demodulatk>n using this de- 
tected phase difference. 

Additionally, when it is known in advance that an 
already known symbol having enough length such as 
a preamble signal at asynchronously receiving a syn- 
chronous burst receptk)n, the delay detection circuit 
of the present invention enables to reduce a prot)abil- 
ity of an error by frequency offset or noise so on at 
estimating a deoKKlulation symt>ol and to estimate In 
short time the quantity for compensation, because it 



performs estimatton in presupposition that reception 
is done using an already-known symbol string. Also, 
when a transmissksn symbol string is unknown and 
unestimateble like at normal burst reception in a syn- 

5 chronous conditton, the delay detectton circuit of the 
present invention estimates a transmission symbol 
from a reception phase difference not in presupposh 
tion to receive a specify transmission symbol, fully 
calculating an average of difference of the receptk>n 

10 phase difference and an ideal phase difference in 
which the estimated symbol to t>e output By this op- 
eration, it can continue to estimate correct phase 
compensation quantities, so that it also can perform 
rapki and sufficient phase compensatton. As the re- 

15 suit, an error of receptton at frequency offset is fully 
improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig.1 illustrates a block diagram of an embodi- 

ment of the present invention, 
Flg.2 illustrates a block diagram of another enrv 
bodinnent of the present invention. 
Fig.3 illustrates a block diagram of a delay detec- 

25 tion circuit of a prior art, and 

Fig.4 illustrates another delay detectk)n circuit of 
the prior art. 

Referring to the figures, embodinr^nts of a delay 
detectk>n circuit of the present invention are ex- 
30 plained in deteil. 

Fig.1 illustrates a block diagram of an emt>odi- 
ment of a delay detection circuit of the present inven- 
tion. 

In this figure. 1 is a li miter comprising to limit a 
35 carrier band of a reception signal 101 that is digital- 
phase-modutated and output a li miter output signal 
102. 

2 is an instenteneous phase measurement in- 
strument comprising to measure an instenteneous 

40 phase from the limiter output signal 102 at a symbol 
timing and output an instenteneous phase signal 1 03. 

3 is a delay element comprising to delay the in- 
stenteneous phase signal 103 for one symbol t\me 
and output a one symbol delay instenteneous phase 

45 difference signal 104. 

4 is a subtracter comprising to calculate a recep- 
tion phase difference at one symbol time between 
the instenteneous phase signal 103 and one symbol 
delay instenteneous phase difference signal 104 and 

50 output a reception phase difference signal 105. 

Where, the instenteneous phase measurement 
instrument 2. the delay element 3 and the subtracter 
4 work as a phase difference detection means to de- 
tect a phase difference between an instenteneous 
55 phase and an instenteneous phase before one sym- 
bol time of the instenteneous phase. 

5a is a first phase compensation quantity esth 
mator comprising to estimate an instenteneous 
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phase compensation quantity using a phase differ- 
ence signal 107 indicating an ideal phase difference 
of a denKMiulation symbol signal 109 having t>een out- 
put from a convertor 8 descrit>ed later and the recep- 
tion phase difference signal 105 and calculate an 5 
average thereof, and output an tentative phase com- 
pensation quantity signal 106a. 

6a Is a first adder comprising to add the reception 
phase difference signal 105 and the tentative phase 
compensation quantity signal 1 06a and output a ten- io 
tative compensatbn phase difference signal 108a. 

5b is a second phase compensation quantity es- 
timator comprising to estimate an instantaneous 
phase compensation quantity using the phase differ- 
ence signal 107 indicating an ideal phase difference is 
of the demodulation symbol signal 109 having been 
output from the convertor 8 and the tentative com- 
pensation phase difference s^nal 108a and calculate 
an average thereof, and output an phase compensa- 
tion quantity signal 106b. 20 

6b is a second adder comprising to add the ten- 
tative compensation phase difference signal 108a 
and the phase compensation quantity signal 106b 
and output a compensation phase difference signal 

108. 25 

Where, the first phase compensation quantity 
estimator 5a and the first adder 6a work as a first 
compensation phase difference calculator means 
calculating a first compensation phase difference 
when receiving an already-known symtx>l string. 30 

More, the second phase compensatton quantity 
estimator 5b and the second adder 6b work as a sec- 
ond compensation phase difference calculator 
means calculating a second compensatton phase dif- 
ference when receiving an unknown data symbol. 35 

7 is a demodulator comprising, when receiving an 
already-known symbol string, to detect a phase dif- 
ference nearest to the compensatbn phase differ- 
ence signal 108 from ideal phase differences of al- 
ready-known symbol string and demodulate the de- 40 
PTKxlulatbn symbol signal 109 using the detected 
phase difference. More, when receiving a data synrv 

bol string, it comprises to detect a phase difference 
nearest to the compensatbn phase difference signal 
1 08 from beal phase differences of all transmission 45 
symbols and demodulate the demodulatbn symbol 
signal 109 using this phase difference. 

8 is a convertor comprising to convert the demod- 
ulation symbol signal 109 input therein to an phase 
difference signal 1 07 indicating an beal phase differ- so 
ence of the denrKxlulation symbol signal 109. Then, it 
outputs the phase difference signal 107 to the phase 
compensation quantity estinnator 5a and the phase 
compensation quantity estimator 5b. 

Next, a receiving operatbn of a delay detection ss 
circuit configured as above is explained. 

In this embodiment, it is to be noted that the case 
of receiving a digital-phase-modulated reception sig- 



nal, as a burst, including an unknown data symbol 
string following a already-known preset symbol string 
is assumed. 

Firstly, at an initial status, that is, at receiving a 
already-known preset symbol string, the reception 
signal 101 is input to the limiter 1. The llmiter 1 limits 
the carrier band of the reception signal 101 and out- 
puts the limiter output signal 102. 

Then, the limiter output signal 102 is input to the 
instantaneous phase measurement instrument 2, the 
instantaneous phase measurennent instrument 2 
measures an instantaneous phase of the limiter out- 
put signal 102 at a symbol timing and outputs the in- 
stantaneous phase signal 103 to the delay element 3 
and the subtracter 4. 

The delay element 3 supplbd the instantaneous 
phase signal 1 03 delays the instantaneous phase sig- 
nal 1 03 for one symbol time and outputs a one symbol 
delay instantaneous phase difference signal 104 to 
the subtracter 4. 

The subtracter 4 calculates a receptbn phase 
difference at one symbol tiwe from the input instan- 
taneous phase signal 103 and the one symbol delay 
instantaneous phase difference signal 104 and out- 
puts the reception phase difference signal 105. 

At this initial status, it is to be noted that the ten- 
tative phase compensatbn quantity s^nal 106a that 
is an output of the phase compensation quantity e&- 
timator 5a and the phase compensation quantity sig- 
nal 1 06b that is an output of the phase compensatbn 
quantity estimator 5b are reset to zero, and the conv 
pensation phase difference signal 108 is equal to the 
receptbn phase difference signal 105. 

At this initial status, the phase compensatbn 
quantity estimator 5a estimates a difference using 
the ideal phase difference signal 107 of the demod- 
ulation symbol signal 1 09 that is output from the con- 
vertor 8 and the reception phase difference 105 de- 
scribed above, and outputs the tentative phase com- 
pensation quantity signal 106a by accumulating a 
preset numt)er of the instantaneous phase compen- 
sation quantities and calculating an average thereof. 

In this case, the phase compensation quantity of 
the tentative phase compensation quantity signal 
106a can be estinriated in a short time and at a high 
reliability, since the transmission symbol has an al- 
ready-known symbol. Additionally, the reason is that, 
for example, if supposing that a preamble of a syn- 
chronous burst of a digital cordless telephone is the 
already-known symbol, the minimum inter-symbol 
distance is twice compared with the minimum inter- 
symbol distance of all transmission symbol, so that 
the provability that the demodulatbn symbol signal 
1 09 may be an error is greatly reduced and the small 
number of the instantaneous phase compensation 
quantity is enough to be averaged 

Next, in a status that a transmission burst includ- 
ing an already-known symbol of a sufficient length 
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has been completed such as in a case that the burst 
transmission status is a norma) synchronous status, 
est inflation of phase compensation quantity has been 
completed, the adder 6a has added the reception 
phase difference signal 105 and the tentative phase 
compensation quantity signal 106a and output the 
calculated tentative compensation phase difference 
signal 108a. 

At thb nrroment, the compensation phase differ- 
ence signal 108 and the tentative compensation 
phase difference signal 108a are same because the 
phase compensation quantity signal 106b in the 
phase compensation quantity estimator 5b is reset to 
zero. 

TTien, at this status, the demodulator 7 detects a 
phase difference nearest to the compensation phase 
difference signal 1 08 from the ideal phase differenc- 
es of all transmission symbols, demodulates the de- 
modulation symbol signal 109 using this phase differ- 
ence. 

On the other hand, when reception of an un- 
known data symbol string starts, the phase compen- 
sation quantity estimator 5b estimates a difference 
based on the phase difference signal 107 and the 
tentative compensation phase difference signal 
108a, outputs the phase compensation quantity sig- 
nal 106b by accumulating a preset number of the in- 
stantaneous phase compensation quantity and cal- 
culating an average thereof. 

Where, it can t>e conskiered that the frequency 
offset values between continuous transmission 
bursts are same t>ecause the speed of the transmis- 
sion frequency drift is generally slow enough against 
the transmission burst cycle. 

Therefore, the tentative compensation phase dif- 
ference signal 108a correctly compensates the fre- 
quency offset at this moment, so that the demodula- 
tion symbol 109 is correct 

This is a reason that the phase compensation 
quantity signal 106b estinnated from the tentative 
compensation phase difference signal 108a and the 
phase difference signal 1 07 has a high reliability and 
it is possible to correctly and continuously compen- 
sate the frequency offset value varied little by little at 
each transmission burst after currently receiving 
burst by the frequency drift 

As a result, the system can demodulate the de- 
nrKKlulation symbol signal 109 of which error rate is 
low using the compensation phase difference signal 
1 08 from which influences of frequency offset have 
been removed. 

Next, the second embodiment of the present in- 
vent k>n is explained. 

Fig.2 illustrates a block diagram of another em- 
bodiment of the present invention. 

In this emt>odiment, the circuitry up to obtain the 
receptnn phase difference signal 105 is configured 
similarly to the first embodiment That is, the delay 



detection circuit shown in Fig.2 also has a limiter 1, 
an instantaneous phase measurement instrument 2, 
a delay element 3 and a subtracter 4, but the explan- 
ation on the circuitries is omitted. 

5 20 is a phase compensatk>n quantity generator 

comprising to generate a plurality of dummy phase 
compensation quantity signals 1131 to 113n, and it 
works as a dummy phase compensation quantity 
generator means. 

10 21 is an adder comprising to add a plurality of 
dummy phase compensatk>n quantity signals 11 31 to 
113n and the receptton phase difference signal 105 
and calculate a plurality of dummy compensation 
phase difference signals 1101 to llOn. and it works 

15 as a dummy phase difference calculating n^eans. 

22 is a denrKxjulator comprising to dennodulate a 
plurality of dummy denrKxJulation symt)ol signals 1111 
to llln corresponding to a plurality of dummy com- 
pensation phase difference signals 1111 to llln, and 

20 it works as a dummy demodulation symbol demodu- 
lator means. 

23 is a convertor comprising to convert a plurality 
of dummy demodulat ton symbol signals 1111 to 111 n 
to phase difference signals 1141 to 11 4n indicating 

25 ideal phase differences of the dumnny denKxlulation 
symbol signals 1111 to llln, and it works as a con- 
vertor means. 

24 is a phase difference error detector compris- 
ing to output a plurality of phase difference error sig- 

30 nals 1121 to 11 2n based on a plurality of dummy com- 
pensation phase difference signals 1101 to 110n and 
a plurality of phase difference error signals 1141 to 
114n, and it work as a phase difference error calcu- 
lator nneans. 

35 25 is a decision nneans comprising to receive a 
plurality of dummy demodulatton symbol signals 1111 
to llln and a plurality of phase difference error sig- 
nals 1121 to 112n, detect a snnallest one from the 
phase difference error signals 1121 to 112n, select a 

40 demodulatk>n symbol corresponding to the smallest 
phase difference error signal from dumnny demodu- 
lation symbol signals 1111 to 111 n and output the 
dummy denrKxiulation symtx)! signal as a dummy de- 
modulation symbol signal 109, and it works as a de- 

45 cisk)n nrteans. 

Next, receiving operatton of this embodinnent is 
explained. 

Firstly, the reception phase difference signal 105 
and dummy phase compensation quantity signals 
50 1 1 31 to 11 3n are input to the adder 21 . The adder 21 
adds both signals in each adder element and outputs 
dummy compensatbn phase difference signals 1101 
to110n. 

Then, the demodulator 22 demodulates dummy 
55 demodulation symt>ol signals 1111 to llln nearest to 
the phase difference indicated by the input dummy 
phase compensatk>n difference signals 1101 to 110n. 

Subsequently, the convertor 23 inputs the dunrv 
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my demodulation symbol signals 1111 to 111 n and 
com^erts the phase difference signals 1141 to 114n 
indk:ating ideal phase differences of the dummy da- 
modulation symbol signals 1111 to 111 n. 

The phase difference error detector 24 calcu- 
lates an instantaneous phase difference error based 
on the dummy compensation phase difference sig- 
nals 1101 to llOn and the phase difference signals 
1141 to 114n. Then, it outputs the phase difference 
error signals 1121 to 112n by accumulating a preset 
number of calculated instantaneous phase difference 
errors and calculating an average of accumulated in- 
stantaneous phase difference error. 

The decision means 25 receives the dummy de- 
nrKKiulation symbol signals 1111 to llln and the 
phase difference error signals 1121 to 112n, detects 
smallest one from the phase difference error signals 
1121 to 112n, selects a demodulation signal corre- 
sponding to the smallest phase difference error from 
thedunnmy denrKxjulation symbol signals 1111 to 111n 
and outputs the dummy denxxJulation symbol signal 
as the denrK)dulation symbol signal 109. 

In this embodinnent, the dummy phase compen- 
sation quantity signals 1131 to 113n output from the 
dummy phase compensation quantity generator 20 
necessarily Includes a correct phase compensation 
quantity, so that the reliability of the dummy demod- 
ulation symbol signal dennodulated based on the 
phase compensation quantity is high. 

As a result, phase difference error becomes 
small and it Is possible to specify a correct denfK)du- 
lation symbol. 

More, in this embodiment, when receiving a dig- 
ital-phase-modulated reception signal including an 
unknown data symbol string following an already- 
known symbol string as a burst. It is possible to pre- 
pare in advance a dummy denruxlulatlon symbol cor- 
responding to the already-known symbol string and 
output a dummy denr>odulatk)n symbol corresponding 
to the input dummy compensatk>n phase difference 
signal. 

In will be understood that, although the invention 
has been illustrated by reference to particular env 
bodiments, variations and nrK>difications thereof, as 
well as other embodiments may t>e made within the 
scope of the appended claims. 



Claims 

1 . A delay detection circuit that receives a reception 
signal string comprising a first reception signal 
resultant from digital-phase-modulation of an al- 
ready-known preset symbol string and a second 
reception signal resultant from digital-phase- 
modulation of an unknown data symbol string fol- 
lowing said already-known symbol string, per- 
forms delay-detection using said reception signal 



string; comprising: 

a reception phase difference detector 
means for detecting a reception phase difference 
between a first Instantaneous phase of a recep- 

5 tion signal in said reception signal string and a 

second instantaneous phase of another recep- 
tion signal after a preset symbol time from sakj 
receptbn signal; 

a compensation phase difference calcula- 

10 tor means for calculating a compensatton phase 
difference necessary to denrKsdulate saki recep- 
tion signal string using said reception phase dif- 
ference, a first phase difference equivalent to an 
already-known symbol In said already-known 

15 symbol string and a second phase difference 
equivalent to an unknown data symbol in sakl un- 
known data symbol string; and 

a demodulation nrveans for denxKiulating 
said reception signal string based on said conv 

20 pensation phase difference. 

2. The delay detectbn circuit of claim 1, wherein 
said phase difference detector means compris- 
es: 

25 a first instantaneous phase detector 

means for detecting sakj first instantaneous 
phase; 

a second Instantaneous phase detector 
means for detecting saki second Instantaneous 
30 phase; and 

a reception phase difference calculator 
means for calculating said reception phase dif- 
ference between saki first Instantaneous phase 
and said second instantaneous. 

35 

3. The delay detectbn circuit of claim 1, wherein 
saki preset tinne is one symbol time. 

4. The delay detectbn circuit of dalm 1, wherein 
40 said compensation phase difference calculator 

means comprises: 

a first compensation phase difference cal- 
culator means for calculating a first compensa- 
tion phase quantity using sab first phase differ- 

45 ence and a first receptbn phase difference ob- 
tained at receiving said first reception signal 
string that is a part of said receptbn phase dif- 
ference and calculating a first compensation 
phase difference using said first compensatbn 

50 phase quantity; and 

a second compensation phase difference 
calculator means for calculating a second conv 
pensation phase quantity using sab first com- 
pensation phase quantity, said second phase 

55 difference and a second receptbn phase differ- 

ence obtained at receiving said second reception 
signal string that is a part of said reception phase 
difference and calculating a second compensa- 
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tion phase difference using said second compen- 
sation phase quantity. 

5. The delay detection circuit of claim 4, wherein 
said first compensation phase difference calcu- 5 
lator means comprises: 

a first compensation phase quantity cal- 
culator means for calculating said first compen- 
sation phase quantity from said first phase dif- 
ference and said first reception phase differ- io 
ence; and 

a first adder means for adding said first re- 
ception phase difference and said first compen- 
sation phase quantity, and outputting af irstconr)- 
pensation phase difference. is 

6. The delay detection circuit of claim 4, wherein 
said first compensation phase quantity calcula- 
tor means comprises to calculate a first compen- 
sation phase quantity by calculating a first differ- 20 
ence t>etween said first reception phase differ- 
ence and said first phase difference, accumulat- 
ing said first difference in a preset times and cal- 
culating an average thereof. 

25 

7. The delay detection circuit of daim 4, wherein 
said second compensation phase difference cal- 
culator means comprises: 

a second compensation phase quantity 
calculator means for calculating a second conv 30 
pensation phase quant ityfr<m) said first compen- 
sation phase quantity, said second reception 
phase difference and said second phase differ- 
ence; and 

a second adder means for adding said 3S 
second reception phase difference and said sec- 
ond compensation phase quantity, and output- 
ting a second compensation phase difference. 

8. The delay detection circuit of daim 7, wherein 40 
said second ccmipensation phase quantity calcu- 
lator means comprises to calculate a second 
compensation phase quantity by calculating a 
sum of said first compensation phase quantity 

and said second reception phase difference, cal- 45 
culating a second difference between said sec- 
ond phase difference and said sum, accunrujlat- 
ing said second difference in a preset times and 
calculating an average thereof. 

50 

9. The delay detection circuit of daim 1, wherein 
said demodulation means comprises, when re- 
ceiving said first reception signal string, to detect 
a phase difference nearest to said first compen- 
sation phase difference among phase differenc- 55 
es representing respective already-known sym- 
bols in said already-known symbol string, and 
perform digital-phase-demodulation using this 



detected phase difference. 

10. The delay detectbn circuit of daim 1 , comprising 
a convertor means for converting a symbol ob- 
tained by demodulatk)n to a phase difference 
thereof. 

11. A delay detection drcuit that receives a digital- 
phase-modulated receptk>n signal, performs de- 
lay-detectk)n and outputs demodulation result, 
comprising: 

a phase difference detector means for de- 
tecting a phase difference between an instanta- 
neous phase of said receptk)n signal and an in- 
stantaneous phase after a preset symbol time 
from said instantaneous phase of said reception 
signal: 

a plurality of dummy phase compensatk>n 
quantity generator means, each dummy phase 
compensation quantity generator means for gen- 
erating a dummy phase compensation quantity, 

a plurality of dummy phase error calcula- 
tor means, each dunrvny phase difference calcu- 
lator means for adding sakJ dummy phase conv 
pensation quantity and said phase difference 
and calculating a dummy phase difference; 

a plurality of dummy demodulation symbol 
demodulatbn means, each dummy denrKxjula- 
tion symbol demodulatk>n means for demodulat- 
ing a dumnny demodulation symbol based on saki 
dummy phase difference; 

a plurality of convertor means, each con- 
vertor means for converting sakl dummy demod- 
ulation symt>ol to an ideal phase difference of 
this dummy demodulatkin symbol; 

a plurality of phase difference error calcu- 
lator means, each phase difference error calcu- 
lator means for calculating a phase difference er- 
ror between said dunruny phase difference and 
sakl ideal phase difference of sakj dummy de- 
nrK>dulatk>n symbol; and 

a decision means for detecting a smallest 
difference from said differences, selecting a 
dununy denKXIulation symbol corresponding to 
this smallest difference from sakl dummy de- 
nrKxlulation symbols, and outputting this dumnny 
demodulatk>n symbol as a demodulation symbol. 

12. The delay detBctk>n drcuit of daim 11, wherein 
said phase difference detector means compris- 
es: 

a first instantaneous phase detector 
means for detecting saki first instantaneous 
phase; 

a second instantaneous phase detector 
means for detecting sakl second Instantaneous 
phase; and 

a reception phase difference calculator 
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means for calculating said reception phase dif- 
ference between said first instantaneous phase 
and said second instantaneous. 

13. Hie delay detection circuit of claim 11. wherein s 
said preset tinne is one symbol time. 

14. The delay detection circuit of dalm 11. wherein 
said phase difference error calculator means 
comprises to accumulate said calculated phase io 
difference in a preset times, calculate of an aver- 
age of these accumulated phase differences and 
output a result of this calculation as a real phase 
difference. 

15 

15. Hie delay detection circuit of claim 11, that re- 
ceives a reception signal string comprising a first 
reception signal resultant from digrtal-phase- 
modulatlon of an already-known preset symbol 
string and a second reception signal resultant 20 
from digrtal-phase-modulation of an unknown 
data symbol string following said already-known 
symbol string, performs delay-detect k>n using 

sakl reception signal string; wherein sakJ demod- 
ulation means comprises, when receiving said 25 
first reception signal string, to detect a phase dif- 
ference nearest to said first compensatk>n phase 
difference among phase differences represent- 
ing respective already-known symt>ots in saki al- 
ready-known symbol string, and perform digital- 30 
phase-denrxxlulation using this detected phase 
difference. 
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